Background: The use of epidural anesthesia has been shown to improve outcomes in the postoperative setting. To minimize risk of complications, avoiding certain medications with epidural anesthesia is advised. Objective: This study sought to determine the role of a computerized clinical decision support module implemented into the computerized physician order entry (CPOE) system on the incidence of administration of medications known to increase complications with epidural anesthesia. Methods: This study was a retrospective cohort chart review in adult patients receiving epidural anesthesia for at least 1 day. Patients were identified retrospectively and divided into 2 cohorts, those receiving an epidural 3 months prior to initiation of the module and those receiving an epidural 3 months following implementation. The primary end point was incidence of inappropriate medication administration before and after implementation. Complications of therapy were collected as secondary end points. Results: There was a reduction in the incidence of inappropriate medication administration in the postimplementation group versus the preimplementation group (6.3% vs 12.8%) although statistical significance was not achieved. In addition, the incidence of enoxaparin administration was significantly lower postimplementation than the preimplementation (0% vs 3.9%). There were no significant differences in other complications of therapy. Conclusions: This study demonstrated that application of decision support for this high-risk procedural population was able to eliminate the incidence of the most common inappropriate medication for epidural analgesia, enoxaparin. A reduction in incidence of other inappropriate medications was also observed; however, statistical significance was not reached. The use of computerized clinical decision support can be a powerful tool in reducing or ameliorating medication errors, and further study will be required to determine the most appropriate and effective implementation strategies.
Background
The use of epidural anesthesia has been shown to improve morbidity and mortality outcomes in the postoperative setting. 1, 2 However, despite the advantages to epidural analgesia, there are several complications that health care providers must be cognizant of when initiating, maintaining, and discontinuing epidural therapy.
Complications can be grouped into 2 main categories: complications related to neuraxial administration of medications and complications resulting from bleeding at the epidural catheter site. [3] [4] [5] [6] [7] Complications due to neuraxial administration of opioids, anesthetics, and possibly clonidine can include respiratory depression, hypotension, altered mental status, and somnolence among others and are usually monitored and managed by adjusting doses or rates and in severe cases using reversal agents such as naloxone. 3, 4 Of bleeding complications with this type of analgesic technique, epidural hematoma is the most concerning as it can result in paraplegia and possibly death. [5] [6] [7] While bleeding risk is very rare with specific risk of intracranial hematoma reported as 0.07 events in 10 000 cases, 4 the concomitant administration of anticoagulants, antiplatelets, and thrombolytics has the potential to significantly increase this risk. 1 Lipscomb University College of Pharmacy and Health Sciences, Nashville, TN, USA 2 Vanderbilt University Medical Center, Nashville, TN, USA
The implementation of computerized physician order entry (CPOE) systems with clinical decision support has been shown to improve correct ordering, improve dosing of high-risk medications, decrease the incidence of adverse events including severe adverse events, increase compliance with policies and order sets, and overall improve prescribing habits. [8] [9] [10] [11] In a systematic review by Kaushal et al, multiple studies demonstrated that computerized decision support reduced medication errors and adverse drug events (ADEs), particularly with high-risk medications. 9 To standardize ordering of epidural anesthesia orders, improve monitoring of patients, and decrease the risk of ADEs including bleeding complications, an electronic ordering module with clinical decision support was implemented in the CPOE at our institution. 12 This module includes recommendations to increase and streamline nursing orders for the monitoring of complications as well as warnings to prescribers about concomitant medications that increase risk of complications. Downstream alerts are displayed to other ordering providers when inappropriate medications are ordered after the original epidural orders were placed.
The primary aim was to evaluate whether the implementation of an electronic epidural module would decrease the incidence of concomitant medication administration identified in the module, as measured by instances of administration of these medications prior to and following implementation of the epidural module at our institution. Secondary aims included assessment of outcomes (respiratory depression, hypotension, naloxone administration, and rapid responses) prior to and after module implementation.
Methods
This study was a retrospective cohort chart review on data existing in the electronic medical record at Vanderbilt University Medical Center, an 1100-bed tertiary care academic medical center in Nashville, Tennessee. This study was approved by the Vanderbilt University Institutional Review Board, receiving exempt status due to minimal risk to patients. Study data were collected and managed using REDCap (Research Electronic Data Capture) electronic data capture tools hosted at Vanderbilt University Medical Center. 13 All patients receiving at least 1 day of continuous epidural anesthesia therapy with recorded start and stop date, time of therapy, and an evaluable medication administration record were included. Pediatric patients less than 18 years of age and female patients receiving care in the obstetrics, gynecology, or labor and delivery areas were excluded because the electronic ordering module was not implemented in those patient care areas.
Groups were evaluated before and after implementation of a computerized clinical decision support module built within the CPOE system at our institution. The anesthesia epidural ordering module was initially implemented for standardizing ordering of epidural anesthesia and associated orders. However, during development of the standard orders, the addition of clinical decision support for preventing complications was also incorporated. The result was a comprehensive module for epidural ordering that standardized epidural medication orders, auxiliary orders, nursing orders, lab orders, and addressed concomitant medications that may increase risk of complications, primarily bleeding, excess sedation, and change in hemodynamics (Figure 1) . Additionally, if another physician attempted to order a high-risk medication after an epidural was already initiated, a secondary "exit-check" was developed to notify this physician regarding the presence of the epidural infusion and the potential risk involved with their order. This exit-check required the prescriber to fully acknowledge the concomitant ordering of a high-risk medication in patients with an active order for epidural therapy ( Figure 2 ).
Patients were identified retrospectively and divided into 2 cohorts, those receiving an epidural 3 months prior to initiation of the electronic epidural module and those receiving an epidural 3 months following the full implementation of the module including the secondary "exit-check" notification. The time periods were not concurrent as full implementation did not occur at 1 time. Therefore, there was a preimplementation data collection for the 3 months prior to initial implementation and then a period where implementation and testing of the system occurred. The postimplementation data collection occurred after full implementation of the module including the exit-checks when informatics determined that the module was fully and uniformly active in the CPOE system.
Data on patient disposition; reason for therapy; medications used in the epidural anesthesia preparation; medications administered prior to, during, and following therapy; and any reported complications secondary to the epidural as reported by the Acute Pain Service were collected by manual chart review for all patients. Data were analyzed based on each epidural event, not per patient, because some patients received more than 1 epidural at various times during their hospitalization or over multiple hospitalizations.
The primary outcome of inappropriate medication administration was determined by application of the American Society of Regional Anesthesia (ASRA) Guidelines on Regional Anesthesia in the Patient Receiving Antithrombotic or Thrombolytic Therapy 5 (Table 1 ). In addition, administration of promethazine was considered inappropriate by the Department of Anesthesiology Acute Pain Service due to its potent sedating effects. 8 The decision support module screened for medication administration at the time of epidural order placement as well as orders placed in the hospital prior to the procedure, but due to limitations in the system, there was no screening for medications ordered or administered prior to admission to the hospital. The module also screened prospectively while the epidural orders were in place with the exit-check component of the module.
Secondary outcomes included instances of ADEs, including respiratory depression (respiratory rate <8 breaths per minute), hypotension (systolic blood pressure <80 mm Hg), administration of reversal-dose naloxone, and rapid response team or cardiopulmonary arrest codes called while on epidural therapy. Secondary outcomes were collected to assess for complications of concomitant use of promethazine, known to cause respiratory depression and/or hypotension, and neuraxial opioids.
Statistical Analysis
The primary and secondary outcomes were reduced to dichotomous data and were analyzed using chi-square tests. Baseline characteristics and other data were analyzed by Student t tests or descriptive statistics where appropriate. Statistical significance was defined as P < .05. Due to the nature of the study and primary outcome, the authors planned a post hoc power analysis rather than a sample size calculation as effect size estimates are not clear in the literature. Statistical analyses were completed by the study authors utilizing JMP 8.0 software (SAS Institute, Cary, NC.)
Results
In the 3-month period prior to implementation of the electronic epidural ordering, 304 cases of epidural administration were identified. Of identified cases, 203 were included in the analysis, with 101 being excluded due to cases occurring in patient care units where the module was not implemented or there was inadequate information in the chart to evaluate outcomes for the case. In the 3-month period following implementation of the epidural module with the exit-checks, 173 cases of continuous epidural administration met inclusion criteria and were included in the analysis.
Patient characteristics are reported in Table 2 . There were no significant differences between the 2 groups in terms of patient characteristics. Each study group had patients with a similar mean age, male to female ratio, and average duration of epidural therapy. The indications for epidural therapy are described in Table 3 . There were more patients receiving epidural therapy for gastrointestinal/genitourinary (P = .015) in the postimplementation group as compared with the preimplementation group and more cardiovascular surgery cases in the preimplementation group than the postimplementation group (P = .003) although the incidence of this type of procedure was very small.
The primary and secondary end points are reported in Table 4 . For the primary end point of inappropriate medication administration, there was a trend toward a statistically significant difference between groups (P = .05) with a reduction in the postimplementation group. When looking at differences between groups by medication, there was a statistically significant difference between groups in regard to enoxaparin administration (3.9% of cases preimplementation and 0% postimplementation, P = .002). This is a particularly important finding in that the use of a fully-implemented CPOE epidural module with exit-checks was able to eliminate inappropriate anticoagulation use in our study group. There was no statistically significant difference found for the secondary end points of respiratory depression (P = .97), hypotensive events (P = .49), and naloxone reversal-dose administration (P = .34) between groups. There were fewer instances of rapid responses in the postimplementation group than the preimplementation group; however, this difference was not statistically significant (P = .08).
Discussion
In this retrospective study examining the effectiveness of a computerized clinical decision support module implemented into the CPOE system at an academic medical center, we observed a nonsignificant reduction in inappropriate medication administration before and after full module implementation. Of note, a significant difference in the use of enoxaparin was observed when examining the primary end point by medication. This difference was of particular clinical importance because there were no instances of improper anticoagulant administration in the postimplementation group, while inappropriate enoxaparin use represented about 30% of total inappropriate medication administrations in the preimplementation group. Although the total number of inappropriate medication administrations was small, risk of complications with anticoagulants and epidural use can be particularly significant. This study was completed prior to the approval of many of the direct oral anticoagulants (apixaban, edoxaban, and rivaroxaban), and therefore these medications were not addressed with the epidural module. There is opportunity for addition of these medications to the module as prescribers may not be familiar with these medication names and their mechanisms as anticoagulants. When implementing clinical decision support, whether electronic or manual, it is essential that the intervention first be evaluated for feasibility of use and that the timing of the intervention is well understood. For a tool to be effective, it must be appropriately utilized and there must be acceptance from prescribers. In the case of our clinical decision support tool, a few hypotheses have been formulated for why the module demonstrated a trend toward improved outcomes, yet our results did not show a significantly decreased risk of inappropriate medication administration and decreased complications. When epidural therapy is initiated at our institution, it most often occurs in the operating room prior to an order for epidural therapy being placed to the pharmacy. This results in catheter insertion prior to the provider being exposed to the ordering module and could result in patients being on inappropriate high-risk medications without the provider's knowledge. As the epidural ordering module gains acceptance among providers performing epidurals, they will presumably utilize it prior to catheter insertion. In addition, the ordering module was originally designed as an Note. Data presented as mean ± SD. Note. Data presented as % (n). GI = gastrointestinal; GU = genitourinary. up-front ordering module only and did not flag high-risk medications for the entirety of epidural therapy. Therefore, an opportunity existed for a different provider who was unfamiliar with the restrictions associated with epidural management to order one of the inappropriate medications without any warning or instruction. To address this concern, the informatics team developed a secondary "exit-check" to notify other prescribers of the presence of an epidural infusion if they tried to order a high-risk medication after an epidural was placed. This exit-check required the prescriber to fully acknowledge the concomitant ordering of a high-risk medication in patients with an active order for epidural therapy.
With the full implementation of the decision support module, our postimplementation group showed a decrease, although not statistically significant, in the overall instances of inappropriate medication administration. Of note, the postimplementation group showed an elimination of improper enoxaparin administered versus the preimplementation group.
Limitations of this study are that it was a retrospective chart review at a single academic medical center over a very short period of time. Our study was underpowered based on a post hoc power analysis utilizing sample sizes in each group and the effect size found in the primary outcome (and assuming alpha = 0.05). Although the study did not have adequate power on a post hoc analysis, our data did show a significant reduction in inappropriate enoxaparin prescribing. The study authors felt that identifying a period of time around the implementation of the epidural module would be most beneficial to control for confounders and changes in practice not relating to the research question. This likely limited the number of patients to be evaluated and resulted in not meeting power. In addition, limitations to the module itself and the inability to screen for medications administered prior to admission could have affected the results of the study. The type and dose of epidural administration was also not collected and could have affected the secondary outcomes rates. One of the major challenges with high-risk medications is the difficulty in screening for these medications prior to admission. Some computerized medication records now incorporate a home medication list in the screening tool; however, this assumes an accurate medication reconciliation was obtained, which is a difficult assumption in many practice settings. However, the results seen in this study can be clinically applicable given the nature of the outcomes and reduction in medication error risk. The most significant limitation of this study was the acceptance and functionality of the ordering module itself, and further examination of its functionality is needed to optimize this tool.
Conclusion
In conclusion, a computerized clinical decision support tool for continuous regional epidural anesthesia therapy that was incorporated into the CPOE system at Vanderbilt University Medical Center was not associated with a significant difference in the overall incidence of inappropriate medication administration or therapy-related complications, but was associated with the reduction in the administration of enoxaparin and eliminated all inappropriate anticoagulant administration. There was also a nonsignificant reduction in the postimplementation group in rapid response events, naloxone administration, and improper medication use overall. Further study would be required with a larger sample size to determine the significant differences of these rare events. While there are many possible reasons for these findings, the results underscore the importance of proper use of clinical decision support with additional research about how such tools are utilized in practice. This study also shows the importance of testing interventions such as decision support to ensure that efforts to implement such tools are resulting in better patient care and positive outcomes. Future study on high-risk medication screening in the outpatient setting prior to admission would be beneficial as computerized decision support and synchronization of medical records systems continue to improve.
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